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(57) ABSTRACT

Aspects of the present invention relate to shaped bodies of
compositions comprising a porous aromatic covalent frame-
work polymer, wherein the polymer comprises at least one
monomer unit, the at least one monomer unit comprising at
least one aromatic ring and the at least one monomer unit
having at least three binding sites to adjacent monomer units
in the polymer and a core, wherein the at least three binding
sites are located on at least one atom of the core and wherein
the at least one atom 1s free of covalent bonds to hydrogen;
and at least one binder additive. Other aspects of the invention
relate to methods for the preparation of said shaped bodies
and their uses.

20 Claims, No Drawings
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SHAPED BODY CONTAINING POROUS
AROMATIC FRAMEWORK MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application claims the benefit of pending U.S.
Provisional Patent Application Ser. No. 61/493,529, filed Jun.
6, 2011 and Indian Patent Application Number 1394/CHE/
2011, filed Apr. 21, 2011, the contents of both of which are

incorporated 1n their entirety herein by reference.

FIELD

The present invention relate to shaped bodies containing a
porous aromatic framework, methods for their preparation
and their use.

BACKGROUND

Porous aromatic covalent framework (PAF) polymers are
characterized by a rigid framework mainly comprised of aro-
matic rings. The framework 1s usually built up by addition or
substitution reaction of one or more monomers. Typical reac-
tions are C—C coupling reactions or addition reactions under
ring formation. PAF polymers typically show water and tem-
perature resistant behavior.

PAF polymers are described by, e.g., T. Ben et al, Angew.
Chem. Int. Ed. 48 (2009), 9457-9460; 7. Wang et al., Chem.

Commun. 46 (2010), 7730-7732; J. Schmidt et al., Macro-
molecules 42 (2009), 4426-4429; M. Rose et al., Chem. Com-
mun. 2008, 2462-2464; H. Ren et al., Chem. Commun. 46
(2010), 291-293; A. Trewin et al., Angew. Chem. Int. Ed. 49
(2010), 1333-1335; 1. Holst et al., Macromolecules 43
(2010), 8531-8538; W. Lu et al., Chem. Mater. 22 (2010),
5464-34°72 P. Pandey et al., J. Mat. Chem. 21 (2011), 1700-
1703 and US 2010/0331436 Al.

However these PAF polymers are generally obtained as
small crystallites or powders and thus cannot be used for
potential applications like the storage of gases or as carriers in
catalysis 1n an efficient way.

SUMMARY

One aspect of the invention relates to a shaped body of a
composition comprising

(a) a porous aromatic covalent framework polymer,
wherein the polymer comprises at least one monomer
unit, the at least one monomer unit comprising at least
one aromatic ring, and the at least one monomer unit
having at least three binding sites to adjacent monomer
units 1n the polymer and a core, wherein the at least three
binding sites are located on at least one atom of the core
and wherein the at least one atom 1s free of covalent
bonds to hydrogen:;

(b) at least one binder additive.

In one embodiment of this aspect, the at least one monomer
unit has four binding sites. In a second embodiment, the at
least one aromatic ring 1s selected from the group consisting
of benzene, naphthalene, biphenyl, pyridine, pyrimidine,
pyridazine, pyrazine and triazine.
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There are also several embodiments relating to the core. In
one embodiment of the invention, the at least one atom of the
core 1s a quaternary carbon atom. In another embodiment, the
core of the at least one monomer unit 1s selected from the
group consisting of
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-continued

whereim nis an integer o1 0, 1, 2, or 3; each R 1s independently
selected from the group consisting of R*, NH,, NHR', NR".,
C(O)OH, C(O)OR', OH, and OR'; R' is methyl, or ethyl; X
1s a phenylene or -——-, and the dotted lines indicate the bind-
ing sites.

In another embodiment, the polymer 1s a homo polymer. In
a Turther embodiment, the homopolymer consists of a mono-
mer unit

or
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-continued
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In other embodiments still, the at least one binder 1s an
oxygen containing binder. In other variants, the at least one
binder 1s selected from the group consisting of an oxygen-
containing aluminum compound, a silictum oxide and a s1li-
cium organic compound. In yet other embodiments, the at
least one binder 1s selected from Pural® SB, Ludox® AS 40,
Silres® MSE100, tetraethyl orthosilicate.

In one or more embodiments, the amount of the porous
aromatic covalent framework polymer based on the total
weight of the shaped body 1s from about 40 to about 99 wt.-%.
In other embodiments, the amount of the at least one binder
additive based on the total weight of the shaped body 1s from
about 1 to about 60 wt.-%. In other embodiments still, the
shaped body has a surface area above about 50 m*/g.

Other embodiments relate to the cutting hardness. For
example, 1n one embodiment, the shaped body has a cutting
hardness of about 0.5 N to about 100 N. In a variant of this
embodiment, the shaped body has a diameter ranging from
about 1 mm to about 10 mm, and a length ranging from about
1 mm to about 30 mm.

A second aspect of the invention relates to a method for
preparing a shaped body of claim 1 comprising the steps of

(a) mixing a composition comprising the porous aromatic

covalent framework polymer as defined 1n claim 1 and
the at least one binder additive as defined in claim 1; and

(b) molding the composition mto a shaped body.

In one embodiment, the molding comprises an extrusion
step.

A third aspect of the invention relates to methods of using
the PAF described herein. Accordingly, one aspect relates to a
method of processing a substance, the method comprising
up-taking at least one substance using the shaped body of
claim 1 for the purposes of its storage, separation, controlled
release, chemical reaction or as support. In one embodiment,
the at least one substance 1s a gas or gas mixture. In another
embodiment, the method further comprises preparing a paste-
like mass or a fluid containing the porous aromatic covalent
framework polymer material and the binder prior to molding.

DETAILED DESCRIPTION

In accordance with one or more embodiments of the inven-
tion, provided are PAF polymers in forms allowing a broad
use of these applications. A new class of highly interesting
PAF polymers has been discovered recently, which can be
compared with zeolites and MOF materials 1n terms of their
porosity.
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Therelore, one aspect of the invention relates to a shaped
body of a composition comprising

(a) a porous aromatic covalent framework polymer, wherem - ==empe-e-

the polymer comprises at least one monomer unit, the at

least one monomer unit comprising at least one aromatic \I
. . 5 "
ring and the at least one monomer unit having at least three ‘ /

binding sites to adjacent monomer units in the polymer and

' (R . — R),
a core, wherein the at least three binding sites are located on ®) % \ < \7( Jn |

at least one atom of the core and wherein the at least one 1Y \ /
atom 1s free of covalent bonds to hydrogen; and ! AN

(b) at least one binder additive. _...I.--- (R)y

Surprisingly, it has been found that PAF powder can be X
15

converted 1nto shaped bodies as described herein.

The term “shaped body™ as used 1n the present invention

thereby refers to shaped bodies obtained by molding pro-

cesses and to shaped bodies obtained by applying the active

material onto a (porous) substrate. The term “‘shaped body™ 20

will be defined further below.

As described above PAF polymers and their preparation

are described 1n, for example, Z. Wang et al., Chem. Commun.

46 (2010), 7730-7732; J. Schmidt et al., Macromolecules 42
(2009), 4426-4429; M. Rose et al., Chem. Commun. 2008,
2462-2464; H. Ren et al., Chem. Commun. 46 (2010), 291-
293; A. Trewin et al., Angew. Chem. Int. Ed. 49 (2010),
1533-1535; 1. Holst et al., Macromolecules 43 (2010), 8331 -
8538; W. Lu et al., Chem. Mater. 22 (2010), 3464-5472 and
US 2010/0331436 Al. The content of these publications and ‘ L-®,

especially the PAF polymers disclosed therein, to which ret- S . Z «
35 he ¢

25

30 X

erence 1s made herein, 1s fully incorporated 1n the content of

the present application. ' /

The porous aromatic covalent framework polymer 1s char-
acterized 1n that the polymer comprises at least one monomer A0 ' 1
unit (like one, two, three, or more—and 1n specific embodi- , \

ments, one or two), the at least one monomer unit comprising, ¢ X N X" N
at least one aromatic ring and the at least one monomer unit ‘/\_ﬁ,.((R)H

having at least three binding sites to adjacent monomer units 45 5 . /\/\ .
in the polymer and a core, wherein the at least three binding ; ’
sites are located on at least one atom of the core and wherein . ’

the at least one atom 1s free of covalent bonds to hydrogen (to

guarantee the desired rigidity). 5

Accordingly, “aromatic” 1n the term “porous aromatic

framework’ indicates that the at least one monomer unit has
to comprise at least one aromatic ring.

In one embodiment, the at least one monomer unit has four 55 ‘ o (R
binding sites. P

In another embodiment, the at least one aromatic ring 1s '

selected from the group consisting of benzene, naphthalene,
biphenyl, pyridine, pyrimidine, pyridazine, pyrazine and tri-

%
Y
)\‘
X

R

azine; more specifically, benzene, pyridine and triazine; even AR,

more specifically, benzene. \)

In another embodiment, the at least one atom of the core 1s

a quaternary carbon atom. i Bt

In other embodiments, the core of the at least one monomer
unit 1s selected from the group consisting of
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-continued

whereinn 1s an integer o1 0, 1, 2, or 3 (and 1n specific embodi-
ments, 0); each R 1s independently selected from the group
consisting of R', NH,, NHR', NR',, C(O)OH, C(O)OR',
OH, and OR"; R" is methyl, or ethyl; X is phenylene, or —-,

and the dotted lines indicate the binding sites.

In one or more embodiments, the polymer 1s a homo poly-
mer. In specific embodiments, the monomer unit of the homo
polymer comprises a tetrakisphenylmethane, a tetrakisphe-
nylsilane, or a 1,3,3,7-tetrakisphenyladamantane moiety;
more specifically, a tetrakisphenylmethane moiety. Even
more specifically, the homo polymer consists of these moi-

cties, which are interconnected by a covalent bond, —-,
1,2,3-triazole, 1,3,5-triazine,

O O
EN NE or
.O O.

O — O
.O O.
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In a specific embodiment, the homo polymer consists of a
monomer unit selected from the group consisting of

and

g

AN
=4

/\‘
N

wherein the dotted lines indicate the attachment of the mono-
mer unit to adjacent monomer units.

In addition, the shaped body of the present invention com-
prises at least one binder additive.

Suitable binders are described below. In specific embodi-
ments, the at least one binder 1s an oxygen containing binder.
In other specific embodiments, the at least one binder is
selected from the group consisting of an oxygen-containing,
aluminium compound, a silicium oxide and a silicium organic
compound, like tetraethyl orthosilicate.

Such compounds are typically commercially available
under tradenames including Pural® SB, Ludox® AS 40, or
Silres® MSE100.

In one embodiment, the amount of the porous aromatic
covalent framework polymer based on the total weight of the
shaped body 1s from about 40 to about 99 wt.-%.

In another embodiment, the amount of the at least one
binder additive based on the total weight of the shaped body
1s from about 1 to about 60 wt.-%.

In a specific embodiment, the shaped body of the present
invention has a cutting hardness of about 0.5 N to about 100
N. This embodiment 1s especially suitable for a shaped body
that has a diameter of at least about 1 mm and not more than
about 10 mm and a length of at least 1 mm and not more than
about 30 mm. In a more specific embodiment, the cutting
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hardness 1s from about 1.5 N to about 30 N. This embodiment
1s especially suitable for a shaped body that has a diameter of
at least 1 mm and not more than 5 mm and a length of at least
1 mm and not more than 25 mm, more specifically a diameter
of at least 1 mm and not more than 4 mm and a length of at
least 1 mm and not more than 20 mm, most specifically a
diameter of atleast 1 mm and not more than 3 mm and a length
of at least 1 mm and not more than 15 mm.

The determination/measurement of the cutting hardness
was carried out as described 1n the earlier German patent
applicationno. 1032611377.0 of Jun. 6, 2003 (BASF AG): The
cutting hardness was measured on an apparatus from Zwick
(model: BZ2.5/TS1S; initial loading: 0.5 N, preliminary
advancerate: 10 mm/min; test speed: 1.6 mm/min) and are the
means of 1 each case 10 measured catalyst extrudates. In
detail, the cutting hardness was determined as follows: extru-
dates were loaded with 1increasing force by means of a cutter
having a thickness of 0.3 mm until the extrudate had been cut
through. The force required for this 1s the cutting hardness in
N (Newton). The determination was carried out on a testing,
apparatus from Zwick, Ulm, having a rotating plate 1n a fixed
position and a freely movable, vertical punch with built-in
cutter having a thickness o1 0.3 mm The movable punch with
the cutter was connected to a load cell to record the force and
during the measurement moved towards the rotating plate on
which the extrudate to be measured was located. The test
apparatus was controlled via a computer which recorded and
evaluated the measurement results. Ten straightextrudates
were taken from a well-mixed sample and their cutting hard-
nesses were determined and subsequently averaged. In a spe-
cific embodiment, the extrudates are crack-1iree.

In another specific embodiment, the specific surface area of
the shaped body of the present invention, as calculated
according to the Langmuir model (DIN 66131, 66134) is
above about 50 m?/g, further specifically above about 100
m~/g, more specifically above about 150 m*/g, particularly
specifically above about 500 m*/g and may increase into the
region above about 3000 m*/g.

In one or more embodiments, the surface area per volume
of the shaped bodies according to the present nvention
amounts to 210-325 m*/mL compared to 183 m*/mL for the
PAF powder. In one or more embodiments, the ratio of the
surface area per volume of the shaped bodies to the surface
area per volume of the PAF powder 1s 1.1 to 1.8. The values
obtained for the surface area were obtained according to the
Langmuir model. The surface area per volume was deter-
mined by applying the bulk density ol the PAF powder and the
shaped bodies respectively.

Another aspect of the present invention relates to a method
for preparing a shaped body of the present invention compris-
ing the steps of
(a) mixing a composition comprising the porous aromatic

covalent framework polymer as defined herein and the at

least one binder additive as defined herein; and
(b) molding the composition 1nto a shaped body.

In one or more embodiments, the molding comprises an
extrusion step.

For the step of preparing shaped bodies containing PAF
material, all processes of molding a powder and/or crystal-
lites that are known to one of ordinary skill in the art are
conceivable. Also, all processes of applying PAF material
onto a substrate are concervable. Preparing shaped bodies by
a process involving molding 1s described first, followed by a
description of the process of applying said material onto a
(porous) substrate.

In the context of the present invention, the term “molding”™
refers to any process known to the expert in the field by which
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a substance that does not fulfill the above-mentioned require-

ment of a shaped body, 1.e. any powder, powdery substance,

array of crystallites etc., can be formed into a shaped body
that 1s stable under the conditions of 1ts intended use.

While the step of molding 1s mandatory, the following
steps are optional according to the present invention:

(I) the molding may be preceded by a step of preparing a
paste-like mass or a fluid containing the PAF material and
the binder, for example by adding solvents or other addi-
tional substances,

(II) the molding may be followed by a step of fimishing, 1n
particular a step of drying, activating or impregnating.
The mandatory step of molding may be achieved by any

method known to a person having ordinary skill in the art to

achieve agglomeration of a powder, a suspension or a paste-
like mass. Such methods are described, for example, i Ull-
mann’s Enzyklopéddie der Technischen Chemie, 4™ Edition,

Vol. 2, p. 313 et seq., 1972, the respective content of which 1s

incorporated into the present application by reference.

In general, the following main pathways can be discerned:
(1) briquetting, 1.e. mechanical pressing of the powdery mate-
rial, with or without binders and/or other additives, (11) granu-
lating (pelletizing), 1.e. compacting of moistened powdery
materials by subjecting it to rotating movements, and (111)
sintering, 1.e. subjecting the material to be compacted to a
thermal treatment. The latter 1s somewhat limited for the PAF
material according to the invention due to the limited tem-
perature stability of the organic maternials.

The molding step according to one or more embodiments
of the mvention 1s performed by using at least one method
selected from the following group: briquetting by piston
presses, briquetting by roller pressing, briquetting with bind-
ers, pelletizing, compounding, melting, extruding, co-extrud-
ing, spinning, deposition, foaming, spray drying, coating,
granulating, in particular spray granulating or granulating
according to any process known within the processing of
plastics or any combination of at least two of the aforemen-
tioned methods.

The preferred processes of molding are those in which the
molding 1s affected by extrusion in conventional extruders,
for example such that result 1n extrudates having a diameter
of, usually, from about 1 to about 10 mm, 1n particular from
about 1 to about 5 mm. Such extrusion apparatuses are
described, for example, in Ullmann’s Enzvkiopadie der Tech-
nischen Chemie, 4th Edition, Vol. 2, p. 295 et seq., 1972.
According to some embodiments, 1n addition to the use of an
extruder, an extrusion press 1s also used for molding.

The molding can be performed at elevated pressure (rang-
ing from atmospheric pressure to several 100 bar), at elevated
temperatures (ranging from room temperature to 300° C.) or
in a protective atmosphere (noble gases, nitrogen or mixtures
thereol). Any combinations of these conditions are possible
as well.

The step ol molding 1s performed 1n the presence of at least
one binder and optionally other additional substances that
stabilize the materials to be agglomerated. As to the at least
one binder, any material known to the expert to promote
adhesion between the particles to be molded together can be
employed. A binder, an organic viscosity-enhancing com-
pound and/or a liquid for converting the material into a paste
can be added to the PAF material, with the mixture being
subsequently compacted 1n a mixing or kneading apparatus or
an extruder. The resulting plastic material can then be
molded, 1n particular using an extrusion press or an extruder,
and the resulting moldings can then be subjected to the
optional step (II) of finishing, for example drying, activating
or impregnating.
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A number of compounds can be used as binders. For
example, according to U.S. Pat. No. 5,430,000, titanium diox-
ide or hydrated titamium dioxide 1s used as the binder.
Examples of other binders are:

hydrated alumina or other aluminum-containing binders

(WO 94/29408);
mixtures of silicon and aluminum compounds (WO
94/13584);

silicon compounds (EP 0 592 030);

clay minerals (JP 03 037 156);

alkoxysilanes (EP 0 102 544);

amphiphilic substances.

Other conceivable binders are 1n principle all compounds
used to date for the purpose of achieving adhesion 1n powdery
maternals. In specific embodiments, compounds, 1n particular
oxygen-containing, of silicon, of aluminum, of boron, of
phosphorus, of zircontum and/or of titanium are used. Of
particular interest as a binder are alumina, silica, where the
S10,, may be introduced 1nto the shaping step as a silica sol or
in the form of tetraalkoxysilanes, and silicones. Oxides of
magnesium and of berylllum and clays, for example mont-
morillonites, kaolins, bentonites, halloysites, dickites, nac-
rites and anauxites, may furthermore be used as binders.
Tetraalkoxysilanes are particularly used as binders in the
present invention. In another specific example, tetramethox-
ysilane, tetraethoxysilane, tetrapropoxysilane and tetrabu-
toxysilane, the analogous tetraalkoxytitanium and tetraalkox-
yzirconmum compounds and trimethoxy-, triethoxy-,
tripropoxy- and tributoxyaluminum, tetramethoxysilane and
tetracthoxysilane are utilized.

In addition, organic viscosity-enhancing substances and/or
hydrophilic polymers, ¢.g. cellulose or polyacrylates may be
used. The organic viscosity-enhancing substance used may
likewise be any substance suitable for this purpose. Those
used 1n some embodiments are 1 particular hydrophilic poly-
mers, e.g., cellulose, starch, polyacrylates, polymethacry-
lates, polyvinyl alcohol, polyvinylpyrrolidone, poly-
isobutene and polytetrahydrofuran. These substances
primarily promote the formation of a plastic material during,
the kneading, molding and drying step by bridging the pri-
mary particles and moreover ensuring the mechanical stabil-
ity of the molding during the molding and the optional drying
process.

There are no restrictions at all with regard to the optional
liquad which may be used to create a paste-like substance,
either for the optional step (1) of mixing or for the mandatory
step of molding. In addition to water, alcohols may be used,
provided that they are water-miscible. Accordingly, both
monoalcohols of 1 to 4 carbon atoms and water-miscible
polyhydric alcohols may be used. In particular, methanol,
cthanol, propanol, n-butanol, 1sobutanol, tert-butanol and
mixtures of two or more thereof are used. However toluene 1s
also suitable.

Amines or amine-like compounds, for example tetraalky-
lammonium compounds or aminoalcohols, and carbonate-
containing substances, such as calcium carbonate, may be
used as further additives. Such further additives are described
in, for example, EP 0 389 041, EP 0 200 260 and WO
05/19222, which are incorporated fully by reference in the
context of the present application.

Most, 1f not all, of the additive substances mentioned above
may beremoved from the shaped bodies by drying or heating,
optionally 1n a protective atmosphere or under vacuum. In
order to keep the PAF matenal intact, in some embodiments,
the shaped bodies are not exposed to temperatures exceeding,
300° C. However, studies show that heating/drying under the
alforementioned mild conditions, in particular drying in
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vacuo, specifically well below 300° C. 1s suflicient to at least
remove organic compounds and water out of the pores of the
PAF matenal. Generally, the conditions are adapted and cho-
sen depending upon the additive substances used.

In general 1t 1s possible either to add first the binder, then,
for example, the PAF material and, if required, the additive
and finally the mixture containing at least one alcohol and/or
water or to mterchange the order with respect to any of the
alforementioned components.

As Tar as the step of mixing 1s concerned, for example, of
the material containing a PAF material and a binder and
optionally further process materials (=additional materials),
all methods known to the expert in the fields of matenals
processing and unit operations can be used. In embodiments
where the mixing occurs 1n the liquid phase, stiffing may be
employed. In embodiments where the mass to be mixed 1s
paste-like, kneading and/or extruding may be employed. In
embodiments where the components to be mixed are all in a
solid, powdery state, mixing 1s may be employed. The use of
atomizers, sprayers, diflusers or nebulizers 1s conceivable as
well if the state of the components to be used allows the use
thereol. In embodiments where the matenals are paste-like or
powder-like, the use of static mixers, planetary mixers, mix-
ers with rotating containers, pan mixers, pug mills, shearing-
disk mixers, centrifugal mixers, sand mills, trough kneaders,
internal mixers, and continuous kneaders may be used. It 1s
explicitly included that a process of mixing may be suificient
to achieve the molding, 1.e., that the steps of mixing and
molding coincide.

Other aspects of the present invention further provide for
the use of a shaped body according to the mvention for the
uptake of at least one substance for the purposes ol 1ts storage,
separation, controlled release, chemical reaction or as sup-
port.

Accordingly, a further aspect of the present invention 1s a
method of storing, separating, controlled releasing, for car-
rying out a chemical reaction or for preparing a support, the
method comprising the step of contacting the shaped body of
the present invention with at least one substance.

In one or more embodiments, the at least one substance 1s
a gas or a gas mixture. Liquids and metals are also possible.

Processes for storage by means of shaped bodies according,
to the present invention can be used as known for shaped

bodies of metal organic frameworks. In general these are
described in WO 2005/003622, WO 2003/064030, WO 2005/

049484, WO 2006/089908 and DE 10 2005 012 087. In
specific embodiments, the gases for storage are methane,
methane containing gas mixtures, like natural gas, shale gas
or town gas, and hydrogen.

Processes for separation or purification by means of shaped
bodies according to the present mvention can be used as
known for shaped bodies of metal organic frameworks. In
general these are described in EP 1 674 555, DE 10 2005
000938 and DE 10 2005 022 844. In one embodiment, a gas
which 1s separated oil 1s carbon dioxide, in particular from a
gas mixture which further comprises carbon monoxide.

In embodiments where the shaped bodies of the invention
are used for storage, this may be carried out 1n a temperature
range from about -200° C. to about +80° C. In further
embodiments, the temperature range 1s from about —-80° C. to
about +80° C. In other embodiments, the pressure range 1s
from about 1 bar to about 200 bar (absolute), and more spe-
cifically from about 2 bar to about 100 bar.

For the purposes of the present invention, the terms “gas”
and “liquid” are used in the interests of simplicity, but gas
mixtures and liquid mixtures or liquid solutions are likewise
encompassed by the term “gas” or “liquid”.
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In specific embodiments, the gases are hydrogen, natural
gas, town gas, hydrocarbons, 1n particular methane, ethane,
cthene, acetylene, propane, propene, n-butane and 1-butane,
1 -butene, 2-butene, carbon monoxide, carbon dioxide, nitro-
gen oxides, oxygen, sulfur oxides, halogens, halogenated
hydrocarbons, NF,, SF ., ammonia, hydrogen sulfide, ammo-
nia, formaldehyde, noble gases, in particular helium, neon,
argon, krypton and xenon.

In another specific embodiment, the framework of the
invention 1s used for the storage of a gas at a minimum
pressure of about 1 bar (absolute). In a further embodiment,
the minmimum pressure can be about 3 bar (absolute), and
more specifically about 10 bar (absolute). The gas 1s 1n these
embodiments may be hydrogen, methane or a methane con-
taining gas, like natural gas, shale gas or town gas.

In one or more embodiments, the gas 1s carbon dioxide,
which 1s separated off from a gas mixture comprising carbon
dioxide. The gas mixture may comprise carbon dioxide
together with at least H,, CH, or carbon monoxide. In par-
ticular embodiments, the gas mixture comprises carbon mon-
ox1ide 1n addition to carbon dioxide. In further embodiments,
mixtures comprise at least 10 and not more than 45% by
volume of carbon dioxide and at least 30 and not more than
90% by volume of carbon monoxide.

One vanant relates to pressure swing adsorption using a
plurality of parallel adsorber reactors, with the adsorbent bed
being made up completely or partly of the material according,
to the invention. In a further variant, the adsorption phase for
the CO,/CO separation takes place at CO, partial pressure of
from 0.6 to 3 bar and a temperature of at least 20° C., but not
more than 70° C. To desorb the adsorbed carbon dioxide, the
total pressure 1n the adsorber reactor concerned 1s usually
reduced to values 1n the range from 100 mbar to 1 bar.

However, the at least one substance can also be a liquid.
Examples of such a liquid are disinfectants, inorganic or
organic solvents, fuels, 1 particular gasoline or diesel,
hydraulic fluid, radiator tluid, brake fluid or an o1l, 1n particu-
lar machine o1l. The liquid can also be halogenated aliphatic
or aromatic, cyclic or acyclic hydrocarbons or mixtures
thereof. In particular, the liquid can be acetone, acetonitrile,
aniline, anisol, benzene, benzonitrile, bromobenzene,
butanol, tert-butanol, quinoline, chlorobenzene, chloroform,
cyclohexane, diethylene glycol, diethyl ether, dimethylaceta-
mide, dimethylformamide, dimethyl sulfoxide, dioxane, gla-
cial acetic acid, acetic anhydride, ethyl acetate, ethanol, eth-
ylene carbonate, ethylene dichloride, ethylene glycol,
cthylene glycol dimethyl ether, formamide, hexane, 1sopro-
panol, methanol, methoxypropanol, 3-methyl-1-butanol,
methylene chloride, methyl ethyl ketone, N-methyliorma-
mide, N-methylpyrrolidone, nitrobenzene, nitromethane,
piperidine, propanol, propylene carbonate, pyridine, carbon
disulfide, sulfolane, tetrachloroethene, carbon tetrachloride,
tetrahydrofuran, toluene, 1,1,1-trichloroethane, trichloroeth-
ylene, triethylamine, triethylene glycol, triglyme, water or
mixtures thereol.

Furthermore, the at least one substance can be an odorous
substance. In such embodiments, the odorous substance can
be a volatile organic or inorganic compound which comprises
at least one of the elements nitrogen, phosphorus, oxygen,
sulfur, fluorine, chlorine, bromine or 10odine or 1s an unsatur-
ated or aromatic hydrocarbon or a saturated or unsaturated
aldehyde or a ketone. Specific elements 1nclude nitrogen,
oxygen, phosphorus, sultur, chlorine, bromine; and more spe-
cifically nitrogen, oxygen, phosphorus and sulfur.

In one embodiment, the odorous substance may comprise
ammonia, hydrogen sulfide, sulfur oxides, nitrogen oxides,
ozone, cyclic or acyclic amines, thiols, thioethers and alde-
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hydes, ketones, esters, ethers, acids or alcohols. In a specific
embodiment, the odorous substance comprises ammonia,
hydrogen sulfide, organic acids (specifically acetic acid, pro-
pionic acid, butyric acid, 1sobutyric acid, valeric acid, 1sova-
leric acid, caproic acid, heptanoic acid, lauric acid, pelargonic
acid) and cyclic or acyclic hydrocarbons comprising nitrogen
or sulfur and saturated or unsaturated aldehydes such as hexa-
nal, heptanal, octanal, nonanal, decanal, octenal or nonenal
and 1n particular volatile aldehydes such as butyraldehyde,
propionaldehyde, acetaldehyde and formaldehyde and also
fuels such as gasoline, diesel (constituents).

The odorous substances can also be fragrances which are
used, for example, for producing perfumes. Examples of 1ra-
grances or o1ls which can release such fragrances are: essen-
t1al o1ls, basil o1l, geranium o1l, mint o1l, cananga o1l, carda-
mom o1l, lavender o1l, peppermint o1l, nutmeg o1l, camomile
o1l, eucalyptus o1l, Rosemary oil, lemon o1l, lime o1l, orange
o1l, bergamot o1l, muscatel sage o1l, coriander o1l, cypress oil,
1,1-dimethoxy-2-phenylethane, 2,4-dimethyl-4-phenyltet-
rahydrofuran, dimethyltetrahydrobenzaldehyde, 2,6-dim-
cthyl-7-octen-2-0l, 1,2-diethoxy-3,7-dimethyl-2,6-octadi-
ene, phenylacetaldehyde, rose oxide, cthyl
2-methylpentanoate, 1-(2,6,6-trimethyl-1,3-cyclohexadien-
1-yl)-2-buten-1-one, ethyl vanillin, 2,6-dimethyl-2-octenol,
3, 7-dimethyl-2-octenol, tert-butylcyclohexyl acetate, anisyl
acetate, allyl cyclohexyloxyacetate, ethyllinalool, eugenol,
coumarin, ethyl acetoacetate, 4-phenyl-2,4,6-trimethyl-1,3-
dioxane, 4-methylene-3,5,6,6-tetramethyl-2-heptanone,
cthyl tetrahydrosafranate, geranyl nitrile, cis-3-hexen-1-ol,
c1s-3-hexenyl acetate, cis-3-hexenyl methyl carbonate, 2,6-
dimethyl-5-hepten-1-al, 4-(tricyclo[5.2.1.0]decylidene)-8-
butanal, 5-(2,2,3-trimethyl-3-cyclopentenyl)-3-methylpen-
tan-2-0l, p-tert-butyl-alpha-methylhydrocinnamaldehyde,
cthyl[5.2.1.0]tricyclodecanecarboxylate,  geramiol,  cit-
ronellol, citral, linalool, linalyl acetate, 1onone, phenyletha-
nol and mixtures thereof.

In one or more embodiments, a volatile odorous substance
has a boiling point or boiling point range below 300° C. In
turther embodiments, the odorous substance 1s a readily vola-
tile compound or mixture. In particular, the odorous sub-
stance has a boiling point or boiling range below 2350° C.,
specifically below 230° C., and more specifically below 200°
C.

In one or more embodiments, the odorous substances have
a high volatility. The vapor pressure can be employed as a
measure ol the volatility. In further embodiments, a volatile
odorous substance has a vapor pressure of more than about
0.001 kPa (20° C.). The odorous substance can be a readily
volatile compound or mixture. In specific embodiments, the
odorous substance has a vapor pressure of more than about
0.01 kPa (20° C.), more preferably a vapor pressure of more
than about 0.05 kPa (20° C.). Particular preference 1s given to
the odorous substances having a vapor pressure ol more than
about 0.1 kPa (20° C.).

In addition, the shaped bodies of the invention can be used
as support, in particular as support of a catalyst.

EXAMPLES

.

The following examples show different approaches to pre-
pare shaped bodies from PAF material. The powder of the
PAF material used was prepared according to T. Ben et al,
Angew. Chem. Int. Ed. 48 (2009), 9457-9460 and exhibited
the following properties: N, surface area: 2859 m*/g accord-
ing to Langmuir; bulk density: 0.064 g/mlL; skeletal density:
1.17 g/mlL; water adsorption: 0.1-0.4% by weight at relative
humidity of 10-80%. The determination/measurement of the
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cutting hardness was carried out as described 1n the earlier
German patent application no. 103261137.0 of Jun. 6, 2003
(BASF AG): The cutting hardnesses were measured on an
apparatus from Zwick (model: BZ2.5/TS1S; initial loading:
0.5 N, preliminary advance rate: 10 mm/min; test speed: 1.6
mm/min) and are the means of 1 each case 10 measured
catalyst extrudates. In detail, the cutting hardness was deter-
mined as follows: Extrudates were loaded with increasing,
force by means of a cutter having a thickness o1 0.3 mm until
the extrudate had been cut through. The force required for this
1s the cutting hardness in N (Newton). The determination was
carried out on a testing apparatus from Zwick, Ulm, having a
rotating plate 1n a fixed position and a freely movable, vertical
punch with built-in cutter having a thickness of 0.3 mm. The
movable punch with the cutter was connected to aload cell to
record the force and during the measurement moved towards
the rotating plate on which the extrudate to be measured was
located. The test apparatus was controlled via a computer
which recorded and evaluated the measurement results. 10
straight, preferably crack-free extrudates were taken from a

well-mixed sample and their cutting hardnesses were deter-
mined and subsequently averaged.

Example 1

Extruding Shaped Bodies of PAF Maternial Using
Silres® MSE100

According to the mvention, 1.6 g of PAF material were
kneaded with 0.1 g of methyl-cellulose at room temperature
for 5 minutes. 0.6 to 1.0 g of Silres® MSE100 (methylsili-
cone, 70% by weight solution 1n toluene) was added and the
mixture was kneaded for 5 minutes. The mixture was densi-
fied with 13.5 mL of water using a mortar. The paste was
placed 1n a ram extruder and extruded to form 2.0 mm extru-
dates. The extrudates were dried at 120° C. 1 a drying oven
tor 23 h. The cutting hardness of the shaped bodies was 2.5 N,
the N, surface area was 1617 m*/g according to Langmuir.
The bulk density amounted to 0.13 g/mlL..

Example 2

Extruding Shaped Bodies of PAF Maternal Using
Ludox® AS 40

According to the mvention, 1.0 g of PAF material was
kneaded with 0.09 g of methyl-cellulose at room temperature
for 2 minutes. 0.6 g of Ludox® AS 40 (colloidal silica, 39.5%
by weight solution 1n ammomacal water) and two portions 5.0
and 3.0 mL of water were added and the mixture was densi-
fied for 5 minutes after each addition. The paste was placed 1n
a ram extruder and extruded to form 2.0 mm extrudates. The
extrudates were dried at 120° C. ina drying oven for 23 h. The
cutting hardness of the shaped bodies was 3.3 N, the N,
surface area was 2029 m*/g according to Langmuir and the
bulk density amounted to 0.14 g/mL.

Example 3

Extruding Shaped Bodies of PAF Maternal Using
Pural® SB

According to the mvention, 1.0 g of PAF material was
kneaded with 0.33 g of Pural® SB at room temperature for 2
minutes. A solution o1 0.01 gof formic acid in 2.0 mL of water
was added and the mixture was densified for 5 minutes. 6.0
mL of water were added and the mixture was densified for 5
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minutes. The paste was placed in a ram extruder and extruded
to form 2.0 mm extrudates. The extrudates were dried at 120°
C. 1n a drying oven for 23 h. The cutting hardness of the
shaped bodies was 3.8 N, the N, surface area was 2323 m~/g
according to Langmuir and the bulk density amounted to 0.14
g/ml.

Example 4

Extruding Shaped Bodies of PAF Material Using
Tetraethyl Orthosilicate

According to the mvention, 1.0 g of PAF material was
kneaded with 0.09 g of methyl-cellulose at room temperature
for 2 minutes. 0.9 g of tetracthyl orthosilicate and two por-
tions (3.0 mL each) of water were added and the mixture was
densified for 5 minutes after each addition. The paste was
placed 1n a ram extruder and extruded to form 2.0 mm extru-
dates. The extrudates were dried at 120° C. 1n a drying oven
for 23 h. The cutting hardness of the shaped bodies was 8.3 N,
the N, surface area was 1806 m*/g according to Langmuir and
the bulk density amounted to 0.18 g/mlL..

The mvention claimed 1s:

1. A shaped body of a composition comprising

(a) a porous aromatic covalent framework polymer,

wherein the polymer comprises at least one monomer
unit, the at least one monomer unit comprising at least
one aromatic ring, and the at least one monomer unit
having at least three binding sites to adjacent monomer
units 1n the polymer and a core, wherein the at least three
binding sites are located on at least one atom of the core
and wherein the at least one atom 1s free of covalent
bonds to hydrogen;

(b) at least one binder additive.

2. The shaped body of claim 1, wherein the at least one
monomer unit has four binding sites.

3. The shaped body of claim 1, wherein the at least one
aromatic ring 1s selected from the group consisting of ben-
zene, naphthalene, biphenyl, pyridine, pyrnmidine,
pyridazine, pyrazine and triazine.

4. The shaped body of claim 1, wherein the at least one
atom of the core 1s a quaternary carbon atom.

5. The shaped body of claim 1, wherein the core of the at

least one monomer unit 1s selected from the group consisting
of
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-continued

whereinnis aninteger o 0, 1, 2, or 3; each R 1s independently
selected from the group consisting of R*, NH,, NHR', NR".,,
C(O)OH, C(O)OR', OH, and OR'; R' is methyl, or ethyl; X
1s a phenylene or —-, and the dotted lines indicate the bind-
Ing sites.

6. The shaped body of claim 1, wherein the polymer 1s a
homo polymer.

7. The shaped body of claim 6, wherein the homopolymer
consists of a monomer unit

or

&
J

B
N
/\‘
X

8. The shaped body of claim 1, wherein the at least one
binder 1s an oxygen containing binder.
9. The shaped body of claim 1, wherein the at least one

binder 1s selected from the group consisting ol an oxygen-
containing aluminum compound, a silictum oxide and a sili-
cium organic compound.
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10. The shaped body of claim 1, wherein the at least one
binder 1s selected from Pural® SB, Ludox® AS 40, Silres®

MSE100, tetracthyl orthosilicate.

11. The shaped body of claim 1, wherein the amount of the
porous aromatic covalent framework polymer based on the
total weight of the shaped body 1s from about 40 to about 9
wt.-%.

12. The shaped body of claim 1, wherein the amount of the

at least one binder additive based on the total weight of the
shaped body 1s from about 1 to about 60 wt.-%.

13. A method for preparing a shaped body of claim 1
comprising the steps of
(c) mixing a composition comprising the porous aromatic
covalent framework polymer as defined 1n claim 1 and
the at least one binder additive as defined in claim 1; and
(d) molding the composition into a shaped body.

14. The method of claim 13, wherein the molding com-
prises an extrusion step.
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15. A method of processing a substance, the method com-
prising
up-taking at least one substance using the shaped body of
claim 1 for the purposes of 1ts storage, separation, con-
trolled release, chemical reaction or as support.
16. The method of claim 15, wherein the at least one
substance 1s a gas or gas mixture.
17. The shaped body of claim 1, wherein the shaped body
has a cutting hardness of about 0.5 N to about 100 N.
18. The shaped body of claim 17, wherein the shaped body

has a diameter ranging from about 1 mm to about 10 mm, and
a length ranging from about 1 mm to about 30 mm.

19. The shaped body of claim 1, wherein the shaped body
has a surface area above about 50 m*/g.

20. The method of claim 13, further comprising preparing,
a paste-like mass or a fluid containing the porous aromatic
covalent framework polymer material and the binder prior to
molding.
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